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EVALUATION OF SUSCEPTIBILITY OF REFERENCE STRAINS OF MICROORGANISMS
TO THE COMBINED ACTION OF ESSENTIAL OILS AND MEXIDOL

e-mail: nelbobrova52@gmail.com

The susceptibility of the reference strains S. aureus ATCC 25923 and E. coli ATCC 25922 to 14 essential oils and their
combinations with mexidol (ethylmethylhydroxypyridine succinate) was studied using the disk diffusion method. It was shown
that a combination of all essential oils (with the exception of eucalyptus and ginger) with mexidol increases the susceptibility of
S. aureus ATCC 25923 to these agents, with the most pronounced effect being observed with oils of lemon, lavender, fir, and rose.
The susceptibility of E. coli ATCC 25922 to essential oils of cinnamon, mint, tea tree, rose, eucalyptus, cloves, and sage
significantly increases when combined with mexidol, and this effect is the most pronounced when using combinations of mexidol
with rose, eucalyptus, and clove oils. The discovered ability of mexidol to increase the susceptibility of microorganisms to essential
oils can be a basis for the development of pharmaceutical compositions with these substances in which an enhanced antimicrobial
effect will accompanied by an antioxidant activity and low toxicity.

Key words: microorganisms’ susceptibility, S. aureus, E. coli, mexidol, essential oil.

H.O. bBooposa, O.M. Ba:xknuua, I A. Jlo6anb, T.O. leB’arTkina, JI.O. Jlyrosa,
0.€. bamok, O.A. bamiToBeHKo

OIIHKA YYTJIMUBOCTI ETAJIOHHUX IITAMIB MIKPOOPTAHI3MIB
JIO KOMBIHOBAHOI JIi E®GIPHUX OJIIA I MEKCUI0JY

JloCTDKEHO Yy TIMBICTh €TATOHHHX INTaMiB MikpooprauizmiB S. aureus ATCC 25923 ta E. coli ATCC 25922 no 14
edipHHX oiif Ta X KOMOiHaNill 3 MEKCHIOIOM (ETHIMETIIITIIPOKCHUITIPUINHY CYKIIMHATOM) 3a JIOMOMOTOIO JICK-Tudy3iifHOr0
merony. IlokasaHo, 1o KOMOiHyBaHHsS BCix edipHHMX Oiii (32 BHHITKOM EBKAINTY Ta iMOMpPY) 3 MEKCHIOJIOM 30LIbIIye
qyTiuBicTh S. aureus ATCC 25923 no 1ux 3aco6iB, npudoMy HaitOinbLI BUpa3HUil eeKT COCTEPIraeThCst CTOCOBHO OJIiif IMMOHY,
JaBaHM, MiXxTH Ta TpostHan. Yytmusicts E. coli ATCC 25922 no EO kopwuni, M’sTH, 4aliHOTO iepeBa, pO3H, €BKANIINTY, TBO3UKI
i maBsii iCTOTHO 3pocTae MpH iX KOMOIHYBaHHI 3 MEKCHI0JIOM, IPHIOMY HaHOIIbII BUPA3HUM TaKHil eeKT € mpyu BUKOPUCTAHHI
KOMOiHAIili MEKCHIOTY 3 OJISIMH TPOSIHAHW, €BKANINTy Ta TBO3AMKU. BUsBiIeHa 31aTHICTh MEKCU/IOJY MMiABHIIYBATH Y4y TIUBICTH
MIKpOOPraHi3MiB J10 ehipHUX OJIIH MOKE CTaTH OCHOBOIO JUTSl pO3pOoOKH (hapMaIleBTHIHNX KOMITO3HIIIH 3 IMMH KOMIIOHCHTaMH, B
SIKMX TIOCHJICHA aHTUMIKpOOHa [iist Oy/ie MOETHYBATUCh 3 aHTHOKCHAHTHOIO aKTHUBHICTIO 1 HU3bKOIO TOKCHYHICTIO.

KimrouoBi ciioBa: uyTiuBicTs Mikpooprauiamis, S. aureus, E. coli, mexcuznon, eipHa omis.

The study is a fragment of the research project “Study of the role of opportunistic and pathogenic infectious agents with
different susceptibility to antimicrobial and antiviral drugs in human pathology”, state registration No. 0118U004456.

Essential oils (EOs) are volatile secondary metabolites that give plants a characteristic aroma and
taste. They are produced by more than 17,500 species of many plants families, but only about 300 of them
are commercialized [15]. Having a content of two or three main components at the level 20—70 %, EOs are
complex mixtures of terpenes, terpenoids and other compounds [15]. A known feature of EO is their
antimicrobial action, which is characterized by a wide spectrum, is not attenuated at the presence of protein,
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is not accompanied by toxic reactions, does not cause resistance, and is characterized by the influence on
antibiotic-resistant strains of microorganisms [9, 15]. This is of particular interest in relation to the so-
called crisis of antibiotic resistance, when the spread of antibiotic-resistant microorganisms precedes the
development of new drugs against them [11]. Although the antimicrobial action of EOs has been
sufficiently studied and described in numerous articles [5, 6, 7, 12], the real effect of EOs in vivo is much
weaker as compared to synthetic compounds and antibiotics. Due to the volatile nature, high reactivity and
oxidation with the formation of less active products and allergens, the effectiveness and duration of EOs
action are limited [15]. Increasing the EOs antimicrobial activity can be achieved through the use of
nanotechnology, combining them with each other, with antibiotics and adjuvants [8, 10, 14]. The role of
antimicrobial adjuvant, as shown earlier, can be performed by mexidol (ethylmethylhydroxypyridine
succinate), a synthetic antioxidant with antimicrobial properties [1], which is mostly positioned and used
in clinic as a neurotropic agent [2].

The purpose of the work was to study the susceptibility of reference strains of microorganisms S.
aureus ATCC 25923 and E. coli ATCC 25922 to combinations of EOs with mexidol.

Materials and methods. Determination of the susceptibility of microorganisms was carried out by the
disk-diffusion method [4]. Reference strains of gram-positive microorganisms S. aureus ATCC 25923 and
gram-negative microorganisms E. coli ATCC 25922, were obtained from the State Institution “Institute of
Epidemiology and Infectious Diseases after L.V. Gromashevsky” NAMS of Ukraine (Kyiv). Their
susceptibility to antibiotics was tested and corresponded to the etalon values [4]. To determine the susceptibility
of microorganisms to mexidol, 20 % solution of substance of the drug (Bion, RF) was applied to 1000 pg/disk
on empty sterile paper disks (HIMEDIA Laboratories Pvt Ltd, India). Disks were dried at room temperature and
used as described [4]. In addition, 14 EOs and their combinations with mexidol were studied. For this purpose,
EOs of cinnamon (Cinnamomum verum), lemon (Citrus limon), peppermint (Mentha piperita), tea tree
(Melaleuca alternifolia) (all manufactured by LLC AROMA GROUP, Ukraine) as well as EOs of laurel (Laurus
nobilis), ginger (Zingiber officinale), wormwood (Artemisia absinthium), calendula (Calendula officinalis),
lavender (Lavandula officinalis), rose (Rosa damascena), eucalyptus (Eucalyptus globulus), cloves (Eugenia
caryophyllata) and sage (Salvia officinalis) (all, starting with EO laurel, manufactured by LLC PTC Pharmacom,
Ukraine) were applied on sterile empty disks and pre-prepared disks with mexidol (1000 pg/disk) immediately
before placing them on the surface of Mueller-Hinton agar in Petri dishes with test cultures of microorganisms.
The volume of every EO was 10 ul. Empty disks were used as a negative control. Standard disks with gentamicin
(10 pg/disk) (Optimum System, Ukraine) served as a positive control. The susceptibility of microorganisms to
the studied agents was evaluated by the growth inhibition zone greater than 10 mm. If the inhibition zone
exceeded 25 mm, the microorganism was considered as highly susceptible; if such a zone was from 16 to 25
mm, microorganism was characterized as moderately susceptible; and if such a zone was from 10 to 16 mm —
as minimally susceptible [3]. Inhibition zones were measured after 24 h of incubation at +37°C. Determination
of the susceptibility of microorganisms was repeated 5 times, followed by statistical processing of the digital
material using standard computer programs Statistica for Windows 8.0. The probability of the difference
between the groups was assessed by Student's t-test. The difference was considered statistically significant at
p<0.05.

Results of the study and their discussion. All the studied EOs caused inhibition of growth of the
reference strain S. aureus ATCC 25923, however, the susceptibility of this test culture to EOs varied widely
(table 1). Around the disks with EOs of cinnamon and ginger inhibition zones were greater than 25 mm,
indicating the high susceptibility of the staphylococcus reference strain to these remedies. The inhibition
zones from 16 to 25 mm were observed around disks with EOs of peppermint, tea tree, rose, clove and
sage. Such results showed a moderate susceptibility of S. aureus ATCC 25923 to the mentioned agents.
At the same time, this test culture was minimally susceptible to EOs of lemon, laurel, lavender, wormwood
and calendula, for which the inhibition zones ranged between 10-16 mm. The inhibition zones around the
disks with eucalyptus and fir EOs were less than 10 mm, indicating that the staphylococcus test culture was
not susceptible to these oils.

The susceptibility of S. aureus ATCC 25923 to mexidol was moderate (table 1) in the absence of
bacterial growth inhibition in the negative control and the characteristic values of inhibition zones in the
positive control with gentamicin (23.0£0.2 mm). It was smaller than for EOs of cinnamon (t=19.31,
p<0.001), cloves (t=3.0, p<0.02) and ginger (t=7.80, p<0.001); similar to the susceptibility to EOs of tea
tree, rose and sage or higher than to EOs of lemon (t=17.44, p<0.001), peppermint (t=2.77, p<0.05), laurel
(t=3.25, p<0.02), wormwood (t=7.0, p<0.001), lavender (t=5.01, p<0.002), calendula (t=12.0, p<0.001),
eucalyptus (t=30.5, p <0.001) or fir (t=24.5, p<0.001).

The combination of EOs with mexidol increased inhibition of the growth of S. aureus ATCC 25923
(table 1).
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Table 1
Zones of growth inhibition of the reference strain S. aureus ATCC 25923 under the influence
of essential oils and their combinations with mexidol, M+m (n=5)
The name of essential — - Diarnetgr of the inhibition Zonhe, im — -
oil or adjuvant essential oil (10 pL/d{sk or mexidol combination of essential oil Wlth mexidol
(1000 pg/disk) (10 pL+1000 pg/disk)

Mexidol (an adjuvant) 18.6+0.4 -

Cinnamon 39.4+1.0%* 46.6£1.1%#

Lemon 10.8+0.2%* 30.24+0.6* *

Peppermint 16.6+0.6* 23.440.2% %

Tea tree 19.8+0.5 23.8+0.5%#

Laurel 15.6+0.8* 21.4+1.0%*#

Ginger 27.0+1.4* 19.4+1.1%

Wormwood 15.8+0.6* 23.0+0.6% 7

Calendula 13.8+0.5* 20.0+0.6%#

Lavender 13.2+1.0% 25.0+0.9%#

Rose 18.0+1.3 29.0+0.6%#

Eucalyptus 6.4+0.4* 18.0+0.3 #

Cloves 19.8+0.9 24.04+0.6% %

Fir 8.84+0.4* 21.2+1.1%%

Sage 20.2+1.5 27.0+1.2%#

Notes: In table 1 and the following: 1. The name of the essential oil is identified with a name of the plant from which it is obtained.
2. * —p<0.05 as compared to the zone of growth inhibition of the microorganism test culture around the disks with mexidol. 3. # — p<0.05 as
compared to the zone of growth inhibition of the microorganism test culture around the disks with essential oil without mexidol.

In the samples of this group, except for the disks with EOs of ginger or eucalyptus and mexidol,
the diameters of inhibition zones significantly exceeded those as compared to mexidol itself (t from 2.6 to
26.0, p less in the range of 0.02-0.001). Inhibition of staphylococcus test culture growth by combinations
of EOs with mexidol also was more pronounced as compared to the corresponding oils. The growth
inhibition zones of S. aureus ATCC 25923 when combining mexidol with EO cinnamon increased by an
average by 7.2 mm (t=4.84, p<0.002), lemon — by 19.4 mm (t=30.67, p<0.001), peppermint — by 6.8 mm
(t=10.75, p<0.001), tea tree — by 4 mm (t=5.65, p<0.001), laurel — by 5.8 mm (t=4.53, p<0.002) as
compared to zones around the disks with the mentioned EOs themselves. Addition of mexidol provided an
increase of growth inhibition zone for the EO of wormwood by 7.2 mm (t=8.49, p<0.001), calendula — by
6.2 mm (t=7.94, p<0.02), lavender — by 11.8 mm (t=8.77, p<0.001), rose — by 11 mm (t=5.34, p<0.001),
eucalyptus — by 11.6 mm (t=23.2, p <0.001), cloves — by 4.2 mm (t=3.88, p<0.005), fir — by 12.8 mm
(t=10.59, p<0.001), sage — by 6.8 mm (t=3,54, p<0,005) against analogical parameters for the EOs without
adjuvant. Only in the case of the combination of ginger EO with mexidol, inhibition of staphylococcal test
culture growth was less than with a single application of this oil by 7.6 mm (t=4.27, p<0.005). As can be
seen, in all cases of combining EOs with mexidol, except the combinations of ginger and eucalyptus oils
with this drug, inhibition zones of staphylococcus test culture probably differed in the direction of increase
from those around the disks with each of the components of the composition. This indicated that a combined
effect of the two agents on the microorganism was observed and proved the ability of mexidol to increase
the susceptibility of the reference strain S. aureus ATCC 25923 to EOs. The most pronounced effect was
when using combinations with lemon, lavender, fir and rose oils.

The susceptibility of the test culture E. coli ATCC 25922 to EOs varied widely, as well as the
susceptibility of the reference strain S. aureus ATCC 25923, but to none of the studied oils was not high (table
2). Inhibition zones from 16 to 25 mm were formed around the disks with EOs of cinnamon and tea tree that
has shown a moderate susceptibility to them of the reference strain of escherichia. The test culture of E. coli
ATCC 25922 was minimally susceptible to EOs of peppermint, calendula, rose, cloves and sage, when the
inhibition zones were 10-16 mm. Inhibition zones around the disks with the rest of EO were less than 10 mm
that confirmed the lack of susceptibility of the reference strain of the intestinal rod to these agents.

E. coli ATCC 25922 had moderate susceptibility to mexidol in the absence of inhibition of bacterial
growth in the negative control and typical for this strain values of inhibition zones in the positive control
on gentamicin (21.0+0.2 mm). The susceptibility of the E. coli reference strain to mexidol was lower than
to cinnamon EO (t=14.14, p<0.001) and in all other cases — higher than to EOs, in particular to lemon oil
(t=40.75, p<0.001), peppermint (t=11.67, p<0.001), tea tree (t=6.0, p<0.002), laurel (t=13.79, p<0.001),
ginger (t=40.75, p<0.001), rose (t=2.02, p<0.001), wormwood (t=21.47, p<0.001), lavender (t=40.75,
p<0.001), calendula (t=4.47, p<0.005), eucalyptus (t=12.49, p<0.001), cloves (t=4.21, p<0.005), sage
(t=5.62, p<0.001) and fir (t=17.44, p<0.001).

Comparing the susceptibility of the reference strains of staphylococcus and Escherichia to
individual EOs, it could be noted that S. aureus ATCC 25923 is more susceptible to them than E. coli
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ATCC 25922. After all, 10 studied oils effectively inhibited the development of the first test culture, and
the second — by 5 of 14 investigated samples of EOs.
The combination of EOs with mexidol increased the inhibition zones of E. coli test culture (table 2).
Table 2
Zones of growth inhibition of the reference strain E. coli ATCC 25922 under the influence of essential oils
and their combinations with mexidol, M+m (n=5)

The name . . . Diamete.r of the inhibition zone.z, mm .
of essential oil or adjuvant essential oil (10 uL/dlgk) or mexidol combination of essential oil yvith mexidol
(1000 pg/disk) (10 pL+1000 pg/disk)

Mexidol (an adjuvant) 17.0+0.4 -

Cinnamon 25.0+0.4* 30.8+0.7%#

Lemon 0* 17.0+0.4 #
Peppermint 10.4+0.4* 14.240.7%#

Tea tree 20.0+0.3* 22.4+0.5%#

Laurel 9.2+0.4* 18.8+1.0%#

Ginger 0* 17.2+0.5 %
Wormwood 7.440.2* 20.2+1.4%
Calendula 12.6+0.9* 17.8£1.9 %
Lavender 0* 19.4+1.0%

Rose 10.2+0.4* 22.4+1.0%#
Eucalyptus 9.4+0.5* 20.6+0.9% #
Cloves 13.6+0.7* 25.4+0.2%#

Fir 9.24+0.2* 17.2+0.7

Sage 13.4+0.5% 24.0£0.5% #

In the samples of this group, except for combinations of the adjuvant and EOs of lemon, ginger,
wormwood, calendula, lavender or fir, the size of inhibition zones significantly exceeded those formed by
mexidol alone (t from 3.47 to 18.78, p less than 0.02-0.001). Inhibition of growth E. coli ATCC 25922 test
culture by all combinations of EOs with mexidol was more pronounced as compared to the corresponding oils.
In particular, the inhibition zones of the reference strain of E. coli from the combined action of mexidol with
EO cinnamon increased by an average of 5.8 mm (t=7.19, p<0.001), lemon — by 17 mm (t=17.88, p<0.001),
peppermint — by 4.2 mm (t=4.71, p<0.002), tea tree — by 2.4 mm (t=3.75, p<0.01), laurel — by 9.6 mm (t=8.91,
p<0.001), ginger — by 17.2 mm (t=15.73, p<0.001), wormwood — by 12.8 mm (t=9.05, p<0.001) , calendula —
5.2 mm (t=2.47, p<0.05), lavender — 19.4 mm (t=13.68, p<0.001), rose — 12.4 mm (t=11.33, p<0.001),
eucalyptus —by 11.2 mm (t=11.27, p<0.001), cloves — by 11.8 mm (t=16.21, p<0.001), fir — by 8 mm (=10.99,
p <0.001) and sage — by 10.6 mm (t=14.99, p<0.001) against relevant parameters of EOs without adjuvant.
However, only for the compositions of EO cinnamon, peppermint, tea tree, rose, eucalyptus, cloves and sage
inhibition zones probably differed from those with a separate application of both mexidol and the corresponding
oil. This excluded the possibility of taking the effect of mexidol itself for the combined action of drugs and
indicated the ability of this agent to increase the sensitivity of the reference E. coli strain to the EOs. The most
pronounced effect was when using combinations of mexidol with rose, eucalyptus and clove oils.

Analyzing the obtained results, it should be noted that, although test cultures S. aureus ATCC
25923 and E. coli ATCC 25922 are widely used in the study of antimicrobial properties of EOs, the data
on their inhibition zones in the disk-diffusion method have different values for oils from the same plant
determined in the different researches [5, 6, 7, 12, 15] and there are no single etalon indicators. This is due
to the peculiarities of the preparation of disks with EOs and certain differences in the ratio of chemical
components of the each oil depending on the method of production, region and conditions of cultivation
and collection of medicinal raw materials [15]. Obviously, therefore, in some cases, the susceptibility of
the reference strains of microorganisms determined by us differed from that given in the articles of other
authors. For example, the susceptibility of the reference strain of staphylococcus in our experiments was
higher to the corresponding data of cinnamon EO and lower to lemon EO than indicated [5, 12].

In this experiment, the susceptibility of both reference strains of bacteria to mexidol was quite
pronounced, although lower than in our previous studies [1] that may be due to the use of paper disks from
another manufacturer with a slightly different degree of diffusion of the active substances in agar.

It is also noteworthy that the susceptibility of gram-positive cocci to EOs in general was greater
than the sensitivity of gram-negative rods, as described by other authors, explaining this phenomenon by
the difference in cell wall structure of these categories of bacteria and the presence of lipoproteins and
lipopolysaccharides in the external membrane of gram-negative microorganisms that prevents the
penetration of lipophilic compounds into the bacterial cell [6].
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The combination of EOs with mexidol almost naturally increased the susceptibility of the reference
strains of staphylococcus and escherichia to these drugs, which was similar to the ability of mexidol to
increase the susceptibility of mentioned microorganisms to antibiotics [1]. Because the adjuvant effect of
mexidol has affected many oils with different chemical compositions, it is difficult to relate it to a particular
class of compounds (monoterpenes, terpenoids, terpenoid oxides, etc.) that determine the mechanism of
action of EOs. Taking into account the ability of mexidol to change the viscosity of cell membranes and
regulate the functioning of membrane-bound complexes in the macroorganism [2], we can assume that it
facilitates the distribution of EOs in lipid components of the cell wall and lipids of the cell membrane of
bacteria, in such a way increasing microorganism’s susceptibility to volatile oils which are believed to be
membrane-tropic agents that cause bactericidal action by disrupting the integrity of bacterial cell
membranes and electrolyte leakage [7].

A single case where the combination of ginger EO with mexidol reduced the susceptibility of the
test culture of S. aureus against such EO itself, can be regarded as antagonism of components similar to
those described in mixtures of EOs, one of which has high antimicrobial activity [13].

The revealed ability of mexidol to increase the susceptibility of microorganisms to EOs can be the
basis for the development of pharmaceutical compositions with these components, primarily for external use,
in which enhanced antimicrobial action will develop while maintaining antioxidant activity and low toxicity.

Dstsssss)))))ininkkin

1. Reference strain S. aureus ATCC 25923 shows high susceptibility to EOs of cinnamon and
ginger, moderate susceptibility to EOs of peppermint, tea tree, rose, cloves and sage, minimal susceptibility
to EOs of lemon, laurel, lavender, wormwood and calendula in the absence of such to EOs of eucalyptus
and fir, and also shows moderate susceptibility to mexidol.

2. The reference strain of E. coli ATCC 25922 has a moderate susceptibility to EOs of cinnamon
and tea tree, minimal susceptibility to EOs of peppermint, calendula, rose, cloves and sage in the absence
of significant susceptibility to EOs of lemon, laurel, ginger, wormwood, lavender, eucalyptus, or fir, and
displays a moderate susceptibility to mexidol.

3. The combination of EOs (excluding eucalyptus and ginger EOs) with mexidol increases the
susceptibility of S. aureus ATCC 25923 to these agents, with the most pronounced effect being observed
for lemon, lavender, fir and rose oils.

4. The susceptibility of E. coli ATCC 25922 to EOs of cinnamon, peppermint, tea tree, rose,
cucalyptus, cloves and sage increases significantly, when the oils are combined with mexidol, and the most
pronounced effect is when using combinations of mexidol with the oils of rose, eucalyptus and cloves.
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RESULTS OF RESEARCH THE MINERAL CONTENS OF THE BLOOD
AND THE ORAL FLUID IN PREGNANT WOMEN SUFFERING FROM PERIODONTITIS
AND IRON DEFICIENCY
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Pregnancy due to its physiological course is supported by intensification of all kinds of intechanges including both
macroelement and trace element ones. Metal imbalance is closely connected to the activity of some enzymes, vitamins and
metallobiotics (iron, magnesium, cuprum and zink). The violation of the microelements’ interchange, which have a huge
bioactivity is connected with the impact on metabolism, sanguification, tissue respiration, determines its vital role in pathogenesis
of many illnesses including periodontitis. As a result, providing mineral homeostasis is more special and complicated during
pregnancy, especially one that is affected by iron deficiency. The research of serum mineral interchange proved that imbalance of
trace elements (microelementosis) is essential component of iron deficiency, pathogenesis in pregnant women and it strengthens
according to the development of generalized periodontitis. Iron and cuprum biometals deficiency, especially important during
pregnancy, turned to be particularly keen. We have observed the gradual decrease of the content of biometals in serum in both
groups of the survey with the development of generalized periodontitis. So, iron deficiency anemia leads to disorders of mineral
homeostasis of oral fluid and blood serum, and the progression of generalized periodontitis increases the deficiency of trace
elements in the these biological fluids.

Keywords: pregnant women, iron deficiency, generalized periodontitis, trace elements, blood, oral fluid.

O.T. boiiuyk-ToBcra, O.I. boituyk, T.5. diBau4, O.M. lnpbHunbKa,
A.Bb. Koctumnn, O.M. Bunorpanosa

PE3VJIbTATHU TOCJIKEHHSI MIHEPAJIBHOT'O CKJIAZY KPOBI TA POTOBOI
PIIMHU BATITHHUX )KITHOK, XBOPUX HA TEHEPAJII3OBAHUI ITAPOJTOHTHT,
HA TJII BAJII30JE®ILIUMTHOI AHEMII

BariTtHicTb, HaBITH 32 yMOB ii (hizionorivHOTO NEpediry, CynpoBOKY€ThCS IIOCHICHHAM YCiX BH/IB 0OMIHY, B TOMY YHUCII
i MaKkpo- Ta MikpoesieMeHTHOT0. J{iicOasaHc MeTaiB TICHO OB’ sI3aHUI 3 aKTHBHICTIO IESIKMX SH3UMIB, BITaMiHIB i METaI0010THKIB
(3amizo, MarHii, Mixp, nuHK). IlopymieHHs MeTaboIi3My MIiKpOEJIEeMEHTIB, BHCOKA OiONOriYHAa aKTHUBHICTH SIKMX IIOB’s3aHa 3
BIUIMBOM Ha OOMiH PEYOBHH, NPOLIECH KPOBOTBOPEHHS, TKAHUHHOTO JUXaHHS, BU3HAYAIOTh 1X BAXKIIMBY POJIb y ITATOTCHE31 HU3KH
3aXBOPIOBaHb, Y TOMY YHCIIi i MapOZOHTHUTY. Y 3B’S3Ky 3 LM, 3a0e3IeUeHHs] MiHepaJbHOro roMeocTasy HaOyBae 0COOIMBOIO
3HAUCHHSA Yy TEpioi BariTHOCTi, OCOONMBO YCKIAJHEHOI 3aii30le(ilUTHOI aHeMicro. METOI HaIIoro JOCIHIIKEHHS CTaJo
BUBYCHHS MiHEPAJIbHOTO Ta MIKPOEIEMEHTHOIO CKJIa[y KPOBi Ta POTOBOI PiANHU BariTHUX JKIHOK i3 3ai1i301eilUTHOIO aHEMI€IO,
XBOPHUX Ha IeHepatizoBaHUil MAPOJOHTHUT B 3aJI€KHOCTI BiJl CTYIEHs B&XXKOCTI MapogoHTUTY. JJOCITiKEHHSI MiHEpalbHOTO CKIaIy
CHPOBAaTKH KpPOBI BariTHUX JKIHOK JIOBEJO, IO JucOanaHC MIKPOEJIEMEHTIB (MIKpOEIEMEHTO03) € BaXXJIMBUM KOMIIOHEHTOM
narorene3y 3ajizogeinuTHOI aHemii y BariTHHX, Ta HOCHJIIOETHCS 3 PO3BHUTKOM TIeHEpai30BaHOro MapodoHTUTYy. OTxe,
3amizonediluUTHa aHEeMis NPU3BOMUTH O MOPYIICHb MiHEpalbHOrO TOMEOCTa3ly CHPOBAaTKM KPOBI Ta POTOBOI piauHHU, a
NIPOTpeCyBaHHs TeHEPaIi30BAHOTO NMAPOAOHTHUTY MiACHIIIOE Ne(IIUT MIKPOSIEMEHTIB y IUX 0l0JIOTYHMX piAnHAX.

KurouoBi ciioBa: BariTHi KiHKH, 3ai300epillUTHA aHEMisl, FeHepasIi30BaHMIA MAPOIOHTHUT, MIKPOCIEMEHTH, KPOB, POTOBA
piauHa.

The work is a fragment of the research project “Clinical and experimental substantiation of new methods for diagnosis,
prevention and orthopedic treatment of dental diseases in the population of Ivano-Frankivsk region”, state registration
No. 0118U003873.

The vast majority of scientists are interested in the task of both saving the health of mother and a
child and the study of the oral cavity condition during the pregnancy aiming to warn the onset of dental
chronic disease. The study of dental diseases in pregnant women suffering from somatic pathology still
remains topical [13].
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